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AIRLOADS INVESTIGATION OF AN O.030-SCALE KODEL

OF THE SPACESHUTTLEVEHICLE

140A/B LAUNCHCONFIGURATION(MODEL47-OTS)

IN THE ARC II-FOOT UNITARY

PLAN WINDTUNNELFOR MACHRANGE0.6 TO 1.4 (IAI4A)

VOLUME5

By R. L. Gillins, Rockwell International Space Division

ABSTRACT

This report presents results of tests conducted on an O.030-scale

launch configuration model of the Space Shuttle Vehicle 140A/B in the

NASA/ARCll-Foot Unitary Plan Wind Tunnel, Aerodvnamic loads data were

obtained at Mach numbers from 0.6 to 1.4.

Surface pressure distributions were obtained simultaneously with six-

component stability and control force data on the complete launch configu-

ration. The configuration consisted of the orbiter, an external tank,

two solid rocket boosters, and associated intercomponent attach hardware.

Angles of attack and sideslip from -I0 degrees to +I0 degrees were inves-

tigated, The tests, designated IAI4A, were conducted from 4 September

1973 through 13 September 1973.
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INTRODUCTION

The O.030-scale aero loads Space Shuttle Model was tested in the ARC

Unitary Plan Wind Tunnels as follows:

IAI4A 4 thru 13 Sept. 1973

IAI4B 17 thru 19 Sept. 1973

OA22A 13 thru 14 Sept. 1973

OA22B ]9 thru 20 Sept. 1973

For tests IAI4B, OA22A, and OA22B, see reference 34, 35, and 36,

respectively.

The testing was conducted in the ll-_oot and the 9- by 7-foot tunnels

of the ARC Unitary Plan Wind Tunnels. The IA[_A/B tests were for the launch

configurationsat Mach numbers from 0.6 to 2.2. The OA22A/B tests were for

the orbiter alone configuration at Mach numbers from 0.6 to 2.2. The effects

of control surface deflections were also investigated in tests GA22A/B.

This report for test IAI4A consists of one volume of force data and ten

volumes of pressure data for a total of elevea volumes arrayed in the following

manner:

Volume No. Contents Page

1. IAI4A force data

2. IAI4A plotted pressure data

3. IAI4A tabulated pressure data

(a) Orbiter fuselage (B) 1-725
(b) Orbiter base (C) 726-918

a

J
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1 Volume No. Contents Page

4. IAI4A tabulated pressure data

(a) OMS nozzle (E) 919-I145
(b) Body flap (F) 1146-1338
(c) OMS pod outside (M) 1339-1531

5. IAI4A tabulated pressure data

(a) Lower wing surface (L) 1532-2414

6. IAI4A tabulated pressure data

(a) Upper wing surface (U) 2415-3297

7. IAI4A tabulated pressure data

(a) Left vertica] tail surface (V) 3298-3603

(b) Right vertical tail surface (R) 3604-3909

8. IAI4A tabulated pressure data

(a) SRM booster (S) 3910-4444

9. IAI4A Labulated pressure data

(a) External tank (T) 444_-5031

(b) SRMnozzle (X) 5032-5161

I0. IAI4A tabulated pressure data

(a) External tank base & SRM 5162-5354
booster base (Y)

(b) Orbiter attach points (I) 5355-5941

II. IAI4A tabulated pressure data

(a) External tank attach points (2) 5942-6313
(b) External tank base rake (3) 6314-6412



NOMENCLA_/RE

C_ner_l

SADSAC

SYMBOL SYMBOL DEFINITION

,_ _peed of sound; m/see, ft/see

Cp CP pre;:sure coefficient; (Pl - Pm)/q

M MACH M_!h numbor ; V/a

p pressure; N/re', psi'

q _(NSM) dynamic pressure; 1/2pV _, N/m f, psf
_(r__)

RN/L PAN/[, unit Reynolds number; per m, per ft

V velocity; m/s,,c, fit/see

ALP}D% rmgle of nttc_c'k, degrees

BETA "mgle o!" sld_,sLip, degrees

PSI :m;'l<' Of yaw, d,_4rees

PHI ,,ngl_' of roll. de_ees

p m:_':sdensity; kg/m -_, slugs/ft ;_

Ref_'ren_e & C.G. Definitions

Ab b_s,, _r,',,;m _, ft _'

b BREF refcrehco :_psn; m, ft

e.g. cpnter of g//_vity

f,:f,:ren,__ i_n_th or wing m_,,n
•,,,rodyn_,mi(,chord; m, ft

M]{P mom, nt r_./',r,:nc,,poit_t

2/qRP mom,.nt r,.f,..r,.nc,,point on X _xls

YMR__ mom, nt refcr,'n", point On Y _xis

',_R_ .m_,m,..,,tr,,f,,r,.n_',, point or..£ ':xi_:

SUBS ('RIIVfS

b [,', ::"

[ ]oc',1

:_ :t_tl ,'onditi on::

t tot_,l _:ot_dltlon :

, _ i I , ,
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NOM_CLAq_IRE (Continu_.,d)

Bod_yAx is S_,'stem

SADSAC

SYMBOL SYMBOL DEFINITION

ON CN normal-force coefficient; normal forceqS

CA CA _,xisl-for,e _'oefficlent; 8xisl forceqS

Cy CY side-£orce coefficient; side forceqS

CAb CAB base-for,_e coefficient; b_ze forceqS

-Ab(Pb - pm)/qS

CAf CAF forebody ,JxLaL force coefficient, CA ' CAb

pitchJ n_ moment

Cm C[_4 pitching-morn,rot coefficient; qS_REF

CYN i:swing-mom_'ntcc_:fficient; [swing momentqSb

C_ CBL rolling-moment coefficient: rollin_ moment" qSb

St:,bilit_'-AxI_ Syzter_

CL CL lift co_.fi'ieJ.mt; llf____ttqS

CD CD drsg <:oeffl,'i-nt; dr_I6
qS

CDL CDB beSe-dr,,_'cc._-t'ficient;bsseqZdr_

CDf" CDF for, body dr_g co_:ffi_:i-nt;CD - CDt

Cy CY .:id,:-forceco_.ffici,.nt;_ide forc,."_S

Cm I'l]4 pit_'hing-moment _.oeffi"i_nt; _Itchin 6 moment
- qS_RhT

C_l c12_ yawln_,-mom,Lt v,')<ffi"l.-nt;_'_wlng rr,omen_tqgb

6"_ C'JL rollir:_-mom_nt _o_ffl :i_-nt; rolllng_Sbmoment

L/D L/L' li:%-to-dr,,g rt_tio; o_C D

I

l

l

I I I I I
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NOMENCLATURE (Continued)
Additions To Standard List

SADSAC
Symbol Symbol Definition

i_lodelbase area, subscript is base urifice number
A( ) and identifies location

CAb CAB model base axial-force coefficient

model static pressure coefficient, subscript is

Cp( ) orifice number, [p( ) pJ/q

CAU CA axial-force coefficient, unadjusted

CAF CAF forebody axial-force coefficient, CAU adjusted for
base terms

ET external tank

IV integrated vehicle, consists of orbiter, external
tank, and two solid rocket motors

_REF LREF reference length, inches

MRC moment reference center

OMS orbital maneuvering system

5e ELEVON elevon, surface deflection angle, positive deflection
trailing edge down, degrees

_f BDFLAP orbiter body flap deflection angle, positive de-
flection angle is trailing edge down, degrees

'SR RUDDER rudder, surface deflection angle, ,ositive deflection
trailing edge to the left, degrees

'_SB SPDBRK speed brake deflection angle, left spiit rudder trail-
ing edge left and right split ,-uddertrailing edge

right, !SB = (_RL )/2' positive deflection,
degrees

i° ORBINC incidence angle between the orbiter and external
tank, i0 = '0 " '_T'degrees
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NOMENCLATURL(Continued)

/'T BETAT angle of sides]ip of external tank, degrees

UT ALPHAT angle of attack of external tank, degrees

_B LB length of orbiter body, in

_T L1 length of external tank, in

_s LS length of SRMbooster, in

_NM LNM length of OMSnozzle, positive direction forward
of exit plane, in

124p LNP lenuth of MPS nozzle, positive direction forward
of exit plane,in

b/2 BW winu semi-span, in

b v BV vertical tail ;pan, in

x X distance from _:omponent nose, i:,

y y lateral distdnce frt,m centerline, in

Z Z vertical distance measured from W.L. 500 (vertical
tail reference root chord), in

cw CW local wing chord, in

Cv CV local vertica! tail chord, in

x/#B X/LB longitudinal position/orbiterbody length

X/L3 longitudinal position/external tank lengthx/! T

x/_S XILS lcngitudinal position/booster le._gth

X/_NM X/LNM l,)nuitudinalp(j<:ition/LJMSnozzle length

i
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NOMENCLATURE(Concluded)

X/_Np X/L,NP longitudinal position/MPS nozzle length

x/c w X/CW local chordwise position/local wing chord length

x/c v X/CV local chordwise position/local vertical tail
chord leng*h.

Tl Y/BW local spanwise position/wing semi-span

nv Z/BV local spanwise position/vertical tail span

Xcp/_ XCP/L center of pressure distance from MRC, expressed as
a fraction of body length

_0 BETAO angle of sideslip of orbiter

_0 ALPHAO angle of attack of orbiter

I0
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I

I CONFIGURATIONSINVESTIGATED

The O.030-scale Aero Loads Model, 47-0TS, was configured after the

Shuttle Vehicle MCR0200 Baseline RI, as defined in drawing number VL70-

000088B. The orbiter configuration was a combination of the VL70-OOOI40A

orbiter and a VL70-OOOI40B wing and midbody, from which the 140A/B designa-

tion was derived. The basic launch configuration consisted of the orbiter,

an external tank with simulated fuel and vent lines, and two solid rocket

boosters, designated 01TI2 S12 N25.

Three launch configurations were tested. One was the basic configuration

described above mounted on a dual balance and sting arrangement, illustrated

in figure 2d. A second cor.tained attach hardware, designated ATIo, mating

the orbiter with the external tank and mounted on a single sting and balance

in the orbiter, illustrated in figure 2b. The third utilized a similar

attach hardware configuration, designated AT11, which was attached Lo the

orbiter but not to the external tank and was mounted on the same dual sting

and balance arrangement as the basic configuration (figure 2c). In all three

configurations, the SRB-to-ET attach hardware was simulated at the forward

atta_i, |ocation but not at the aft attach location. Model and component

general arrangements are shown in figures 2e through 2o.

Component Descri pti on

140A/B orbiter minus the main propulsion system01
nozzles

324-inch diameter external tank with ogive nose
TI2 and external fuel and vent lines

S12 142.3-inch diameter solid rocket boosters

1975015587-015



N25 Nozzles for S.12 boosters

Orbiter-to-ET attach hardware, fixed to both
ATIo vehicles

Orbiter-to-ET attach hardware, fixed to orbiter
AT11 only

LV 01TI2 S12 N25

LVA 01TI2 S12 N25 ATIo

LVAP 01TI2 S12 N25 AT11

The orbiter 0 I, consisted of the following components:

B26 C9 F8 M7 N28 V8 R5 WII 6 E26.

B26 Double delta wing fuselage, 140A/B

C9 Canopy, 140A

F8 Body flap, 140A

M7 OMSpods, 140A

N28 OMSnozzles, 140A

V8 Vertical tail, 140A

R5 Rudder, 140A

WII 6 Double delta wing, 140B

E26 Elevons, 140B

Parametric investigations were limited to angles of attack and side-

slip with all orbiter control surfaces at 0° deflection.

12
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I INSTRUMENTATIONDESCRIPTION

The left side of the orbiter and the external tank and the left hand

SRB were extensively instrumentedwith pressure orifices for measurement

of surface static pressure distributions. Additionally, there were clusters

of orifices around inter-componentattach structure locations on the right

hand side of the orbiter and external tank. The orbiter contained 471

operational orifices, of which 83 were clustered around attach structure.

I The external tank contained 270 operational orifices of which 127 were

_, clustered around attach structure. The SRB contained 124 operational

orifices. A three-tube total pressure rake was installed in the opening

between the orbiter and external tank. Tables and sketches defining orifice

locations are included in this report. All model pressures were measured

by model mounted Scanivalve, Inc., S-type scanivalve modules - twelve in

the orbiter, seven in the external tank, and five in the SRB.

Force instrumentation consisted of a six-component internal force

balance in both the orbiter and external tank for the LV and LVAP con-

figurations, and a single six-component internal force balance in the

orbiter for the attached LVA configuration.

f 13
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i

TEST FACILITY DESCRIPTION

The tests were conducted in the Ames II- by ll-Foot Transonic Wind

Tunnel which is a variable density, closed return, continuous flow type.

This tunnel has an adjustable nozzle (two flexible walls) and a slotted

test section to permit transonic testing over a Mach number range continuously

variable from 0.4 to 1.4.

14 I
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I DATA REDUCTION

Data were reduced to coefficient form about body axes using the

following reference constants:

SREF = 2.421 ft2 reference area for force and momentcoefficients

iREF = 38.709 in reference length for moment coefficients

Al = 0.07670 ft2 Orbiter sting cavity

A2 = 0.21340 ft2 Orbiter heat shield base

A3 = 0.08560 ft2 Orbiter OMS base (2)

A4 = (see table below) Orbiter speed brake base

A501 = 0.07266 ft2 Tank sting cavity

A502 = 0.44264 ft2 Tank base

A801 = 0.19600 ft2 SRM nozzle base (2)

= 0.16590 ft2 SRM skirt base (2)A802

,SSB = 0 deg A4 = 0 ft2
14.92 0.02327
24.92 0.03866
34.92 0.05370
54.92 0.08252
84.92 0.12083

XMRP = 0 in

YMRP = 0 in

ZMRP = 9.99 in

. 15
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The incidence angle between the orbiter and the external tank is

equal to zero for angle of attack and angle of sideslip. Therefore, the

angle of attack, ALPHA, used in the force plots is equal to ALPHAO. Also

the angle of sideslip, BETA, used in the force plots is equal to BETAO.

The force and moment data recorded by the orbiter balance for con-

figuration LV and LVAP are identified as RBIOXX datasets. Force and

moment data recorded by the tank balance for configuration LV and LVAP

and by the orbiter balance for LVA (composite) are identified by RBIIXX.

The pressure data were recorded for each component. The fourth

character in each dataset identifier (i.e. RBIBXX, B for fuselage) repre-

sents the individual component. The following list indicates the symbol

for each component.

SYMBOL COMPONENT

B Orbiter fuselage

C Orbiter base

E OMSnozzle

F Body flap

M OMSpod outside

L Lower wing surface

U Upper wing surface

R Right vertical tail surface

V Left vertical tail surface

S SRMbooster

T External tank

X SRMnozzle

16
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SYMBOL COMPONENT

y External tank base & SRM booster base

1 Orbiter attach points
i

i 2 External tank attach points

i 3 External tank base rake
;

17
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TABLE I.

TEST : IA-14A J DATE ; 9-13-73

TEST CONDITIONS

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE

MACH NUMBER (pe(umt Ieq_th) !poundslsq.ft.) , (degreesFahrenheit)

0.60 4.0 x 106 480 120

_ 0.75 3.75 x l_l6 _In 1_n

0.85 3.5._.,IO6 _n !20

0.90 3.5 x 106 58(_ . 12n

0.95 3.25 x 106. 610 Ipn

0.975 3.o,x.,,106_ 53Q Ipn

l.O0 ..... 3.0 x IO6 • __35 .......... IpQ

1.025 3.0 x 106 540 ]pn

1.05 3._ ,, !{_6 '...... 545 120

I.I0 3.9' !'i 6 550 120-i

1.15 L 3.o x lOC 575 120

1.25 -- 2.75 x 106 540 12O

_ 1.4C 2.7..5 ,x 1.06 .... I 570 120

I

LVA: 2.5-in MK XX (ORBITER)
BALANCEUItI. IZED: _...J..V._..L.b-in MKXX {ORB.),,.__

COEFFICIENT
_AF ,_CI,Y: ,_CCi_RACY. TOLERANCE"
MK XXiHK I

,_!. 6000 7500 MK XX MK I

,_ 3000 3750 0.2_ 0.2%

AF 600 7UO 0.2'; 0.2;_

PM .. -

R, 4o00 4000 __

YM ----_

COMMENTS:Test conditions for LVA and LVAP model configurations

21
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TABLE I. Cor_clud_- .

IA-I4A ] DATE ; 9-13-73
TEST

TEST CONDITIONS

REYNOLDSNUMBER C'Y,_AVC PRESSUi,E STAGNATIOr;TEMPERATUREMACHNUMBER
(perundtehsth) ,: ,";,>:Issq. ff-) (degreesFahrenheit)

.... 0.60 4.0 x I06 4gO ]20

_. 0./5 4.25 x 106 OlO 120
L

0.85 4.5 x l0 b 710 120

__',._,90 4, b "!. 106 ZE± 120

.... 0,95 4,5 x 1()6 /80 ]20

0.975 4.2b x 106 7_,0 120

1.05 4.25 X.. ] 06 ....... 7{_)I(J ...... I_._L__

1.10 4.0 x 106 760 120

___ 1.15 3.15 x ]U6 /Zu 120

l 25 2 15 _ 1[_6 7_
.... I " ._5 12[J

1.40 3.0 x IO b 62Ci 120

I

i i i

BALANCEUTILIZED: 2.5-in MK XX iORB.)_ 2.75-in MK I (ET)

COtFFICIE,IT
CA!;A_',TY..... r.;,F,'.... _ .... TOLERANCE:

r,lK XX MK I MY,'<X ML i
'_F _60(i0 7500 0.2 0.2

':r 3(./,.)03/50 O. 2 O.2 I

AF 600 700 ,...__ 0 .L' I/

Ru 4000 40L;U C:_/. () 2,..

',r _!

CO_",'E',T::Test conditions fur LV model ,,._: '_i ,.

_2

I I I I ! I I
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TABLE III. - MODEL DIMENSIOBAL DATA

MODEL COMPONENT: ATTACH STRUCTURE - ATIo

GENERAL DESCRIPTION: Attach structure for integrated Vehicle Configuration

4 per VL72-OO0088B and VL72-00OO8_2 modified as follows: Removed

ET-to-SRM aft attach struts (J!,)__ndleft orbiter to right ET aft

attach crossover rod.

MODEL SCALE: o.o_o

DRA%_NG N0. : SEE DESCRIPTION

DIMENSIONS: FULL SCALE MODEL SCALE

_ FORWARD ATTACH
i Orbiter to Tank

i Number of struts 2 2 .

Diameter - In. 6.000
Location- In.

xo _82.ooo __i_:46o
x_ _o78.ooo 32.34o

DRAG LINK ATTACH
Orbiter to Tank

Number of struts 2 2

Diameter, In. 15.OO0 o.4_
Location, In.

xo lo_/.ooo _9.2_,_.
x_ 182.ooo _5.77o

AFT A_'fACH

Orbiter to Tank

Number of struts 2 2

Diameter - In. 12.OO0 0.360
Location- In.

Xo 1307.000 39.2!0

XT 2058.OO0 01.740

CROSSOVER ROD (RIGHT ORBITER TO LEFT ET)
Diameter, In. 8.000 0.240
Location- In.

xo liD7.oo0 39.2io

xT 2o>8.0,_ 6i .7_

26
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TABLE III. - Continued.

MODEL COMPONENT: ATTACH STRUCTURE - ATII

GEKERAL DESCRIPTION: Attach structure_ same as ATIN except the forward

attach struts ar_ rotated to'the vertical, and tne $_zucture extends

from the orbi%@r but is not attached to _h_ tank.

MODEL SCALE: 0.O_O

DIMENSIONS: FULL SCALE MODEL SCALE

FORWARD ATTACH

Orbiter to Tank

Location - In.

xo 382.o0o .,. ______
xT z133.ooo 37.99o

Clearance, tank to strut - In. 16.667 0.50Q

DRAG LINK ATTAC_

Orbiter to Tank

Clearance, tank to strut - In. 8.33/_ 0.250

AFS_ ATTACH
Orbiter to Tank

Clearance_ Tank to strut - In. 8.3_. 0.250

Crossover Rod

Clearance; tank to stFu_ - In. 8.333 O._Z!___

27
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TABLE III. - Continued.

MODEL CO,_IPONENT: BODY - B26

GENERAL DESCRIPTION: Orbiter Fuselal;eConfJ8uratio_l140 A/B

NOTE: B2G identical to B24 except underside of fl_so]a_erefaired to

accept $_116"

Model Scale = .030

VL70-000193
DRAWING NU!']BER: VLYO-OOOI40A

DIMENSIONS: FULL-SCALE MODEL SCALE

Length (Body Fwd Sta Xo = 238) - in. 1293,} 38./99

Max. Width (at Xo : IS20) - in. 262.0 3.860

Max, Depth (at Xo = 1464) - in. 250.0 7.500

Fineness Ratio O.263_7 0.2_357

Area ft2

Ma_. Cross-Sectional 340.88462 0.30679

Planfom

Wetted

Base
m ,,

28

1975015587-032



i l

P

TABLE III. - Continued.

MODEL COMPONENT:
I.

Configuration 3A
GENERAL DESCRIPTION: .-

m

Model Scale = "030

VL70-OOOILOA

DRAWl NG NUMBER VLTO-OOO]4_\

FULL SCALE MODEL SCALE
DIMENSION:

Length (Xo=L_.6_3 to 670) 235.357 7.06071

MoK Width ('_.Xo=5!3 .L27) 152.&12 4.57236

Mox Depth (3 Xo=&_5.O) 25.000 _ 0.75000
e

• FinenessRatio,

Area

/V_IX Cross-Sectiono_ r " _''----'--'----_

Planform

Wetted

Base

m

29
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TABLE III.- Continued.

MODEL COI.IPONENT:_L ELEVON- E_6,, _ ,, I

GENERALDESCRIPTIO;£: Conf!zu_'ct!on 4

hi3TE: VLvO-OQC400 d_tc for (i) of (2) Bides. Identical :o E25 except

airfoil thickness

Model Scale = ,.030

• VLTO-.O0[,2OO
DRAWIIISNU_ER: VLTO-OOOILO

DIMENSIONS: FULL-SCALE P:ODELSCALE

"IArea 223.5Pz_ O. 20122

Span (equivalent) 368.3l_ 11,0_5020

Inb'd equivalentchord 119.623

Outb'dequivalentchord 55,1922 J=_5,5_ZT__

Ratio _ovablesurfacechord/
total surfacechord

At Inb'd equiv,chord 0.2096 0.2096

At Outb'd equiv,chord O.LO0_, O LOOL

Sweep BackAngles,degrees

.,.,,LeadingEdge 0.00 , 0.00
.+• • • • -,. ---

';.TailingEdge -" -10.055 -10.056

Hingeline 0.00 O.LYO

Area Moment (Normal to hit:ge line) _ 8_i.I_02 ._

• 30
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:TABLE III. - Continued.

MODEL COMPONENT: Body Flap - FR

GENERAL DESCRIPTION: CorLEi_'_r_.tionL_

ml i n

Model Scale - .03(_
DRAWING NUMBER VL?0-O00140B, VL?0-000200

DIMENSION: FULL SCALE MODEL SCALE
i • _ _ m,

Length in. .. 84-7 _ 2.5&1

/V%¢JxWidth in. 262. 308 7__6924

Max Depth ill. 23.000 /% _ (%/%f%N
V,_VVY

Fineness Ratio

Area - ft 2

Max Cross-Sect!onal

Planform 1S8.85350 0.14297

Wetted

Base 41.89642 0.05771

I̧ 31
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: I
TABLE Ill. - Continued.

MODEL COMPONENT: 0KS POD- M7 !

;.

GENERAL DESCRIPTION: qor_fiZuratlan 3A

. i

Model Scale - .030
nl i i • ,

VLTO-O00140;,
.DRAWING NUMBER . VLTO_C_;]&5. _

DIMENSION: FULL SCALE MOOEL SCALE

Length (0:_ Pwd St_ Xo=1233.0) - 1_,T. 327.000 9.810

#max Width (0 X0=1450.0) - _:. 9&.5 2.8350

Max Depth (O Xo=!493.0) - IN. 109.000 x _Tn
p

Fineness Ratio

_t_reo

Max Cros_-SectionaJ

Planform
_ i i

Wetted

Base

• 32
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TABLE Ill. - Continued.

MODEL CO_O,'_FNT: BSRM N0_ZZLES- N25 ml

GBERAL DSSCRIPTION: :onfS_u_tion 3A RSRM ;'ozzles

L-- - -

J I - J I - ] -

Model Scale = .030

VL72-O;tC?=:_
DRAWING NO. VI;77-OCC'3B_-.% , .

DIMI_NSIONS FUI/,-SCAI,E MODEL SCALE
t

MA(_ NO,

DIaMETeR DEX ~ IN (One ,'Cozz!e) l&l.3 4.2390_, _ J,

DIAMETER DT -- IN __| ,._

DIAMETER D D_ ~ IN

ON --DEGP_ES

AREA - FT2 (One t;ozzle)

MAX CROSS-SECTIONAL 108.89595 O.Og801

GIMBAI.ORIGIN Yo _ Zo

LEFT NOZZLE-. If:.F.S. 1825.3 -2&3 LOG

RIGHT NOZZLE -- IN. FS 1825.3 +2&3 LOG

NULL POSITION - D-._G. PITCH YAW

LEFT NOZZLE -_8 +8

RIGHT NOZZLE ±8 +8

33
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TABLE Ill•- Continued.

MODEL COMPONENT: RUDDER- R5

GENERALDESCRIPTIO_: _, 3 and 3A Config'_r_tion _r Rock_ell lines

VLTO-OCOO95
u

Model Scale = .030

DRAWINGNUMBER: VL70-000095

DIMENSIONS: FULL-SCALE MODEL SCALE

Area - _2 106.58 0.09574

Span (equivalent) - IN. 201.0 6.0300

Inb'd equivalent chord _ _,5_} 2_74755

Outb'd equivalent chord _0.833 1.52499

Ratio,_vablesurfacechord/
total surfacechord

At Inb'dequiv,chord _ 0.400 ...._CO

At Outb'dequiv, chord 0._/___ O.LO0

Sweep Back Angles,degrees

Leading Edge 34.8_ 3_.83

Tailing Edge _6.25

Hlngeline 3&.8_ _.83

Area Moment ()(o_alto hinge line)-FT3 526.13 . 0.01420
Productof Area and Mean Chord

35

_____a.i

- 1975015587-039



TABLE III. - Continued.

MODEL COMPONENT:. BOOSTERSOLID J_OCKETMOTOR- S12
L,

GENERAL DESCRIPTION: Confi£uratlon 3A, Data for (I) of (2) sides,

per 'Roc_;ellLine_. VL77-CC2C_(,..\

.Model Scale = .030

VL72-OOO'2_SA
DRAWl NG NUMBER VL77-OO'3076A

DIMENSION: FULL SCALE MODEL SCALE

• Length (Includes.::ozzle)- lqC. 17&l.O $2.2300

Mow Width (Tank. Dia) - IN. 142.3 4.2690 .

Max Depth (Aft Shroud) - IN. 192.0 S.7600

• Fineness Ratio 9.067'TJ. " 9.0677!

Area - Fr 2

Max Cross-Sectlonai 201.06193 0. 18096

Planform

Wetted

Base

WP of BSP2!Centerlin? (ZT) - IN. ______00 12.000

FS of &S_4 Nose (XT) - IN. 200 6.000

36
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TABLE Ill. Continued.

MODEL COMPONENT" EXTERNAL TANK - TI2

GENERAL D[SCRIPTION: Exterr_l C_;_en }{:;dragonTank

!

NOTZ: Id_._t_c__ -] to _I_.__;.ithc:{ternalfuel !incz added

VL78-00C031_
DRAWl NG NUMBER VL78-OOOOAIA

DIMENSION: FULL SCALE MODEL tC;.[.E
, i Lll _

Length - IN. (t'ose0 XT = 309) 1865 57.629

NtaxWidth (DiA) - IN. 324 9.72

Max Depth

. Fineness Ratio 5.75617 5.75617

Area - FT2 "

Max Cross-Sectional 572.555 17.177

Planform

Wetted

Bose '_

WP ol T_nk Centerline (XT) - IN. ____AOO.O

!

37
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TABLEIII.- Continued. •

MODEL COMPONENT: VERTICAL- V8
i • • , i i I _ n i I _ L t

GENERALDESCRIPTION: Confi_.uraticn3A
: I J m LI i i t | i _ • I I t

NOTE" .Simi..Icrt_.oV5 _.th _.dius.onTE u;_er ccrr,er _nd I_ !c'.rerccrner

where ,:"p.rtlcalmeets fusel_,e.

Mode] Scale= .030
VL70-OOOiAO,_

D W!NGNU_M.BER: VT.70-OOOIG6A

DIJF'ISIO_S: FULL-SCALE .MODELSCALE.

TOTALDATA
mt ii

Area (Theo) Ft2 _13.253 0.37193-- i

Planform

Span (Theo) In i-_!_.770 _.47160-
Aspect Ratio 1.675 . i.67_ •
Rate of TaD=.r .... " O._r_? O.._c_• _ - ; L ml

Taper Ratio ' 0.A03o,9 0.'_c_
SweepBackAngles,degrees

LeadingEdge _00 , LS,C_
TralIingEdge ,,,25.9_7 _25.c!_
0,25 E!emenl;Line _ LZ.I_O . 41.!300

Chords:
Root (Theo)WP __68.5no 8,ossoo _
Tip (Theo)WP IO_P,.Lno_ 3.2s4t0
MAC _199.p0_56 S.99423
Fus. Sta. of .25 MAC IL63._9.
W, P. of •25 MAC ...(_.}.}-_;Z.-19.06.566
B, L, of •25 MAC 0.00 O-_Q.

AirfoilSection --

Leading Wedge _]e Deg ,10.00 10.00....
TrailingWedge Angle Deg _,.o_
Leading EdgeRadius (;;in)- I,'_. _.o0 0.060

Votd Area 1t-_? i, 0.0i.18S
BIanketedArea _ O.CO

38
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TABLETIT. - Concluded.

MODELCO._?ONS_IT:_ ]6

GENERALDESCRIPTIC,I:Con£iguration 4

NOTE: Identicalto W114 exccptair£oiIthickness. Dihedralannieis along

Model Scale = .030

VLTO-OOO_.;_,.u
TESTNO, DWG.NO, VLTO-OO_'v

DIMENSIO;IS: FULL-SCALE MODELSCALE

T___OTALDATA
Area _1_eo.) FtZ

P]anform 2690.O0 2.4210
Span (Theo In, " 936.6816 _.___R.J_(_O_4_
AspectRatio . 2.265 2.2_5
Rateof Taper _ I.177
Taper Ratio 0.200 o 20o
DihedralAngle,d_greesCatXo=ISO6.623,Yo= 3.500 3.5oo
Incidence Angle, de_reas lOS, Zo= 282.75) _0.500 _ O.SO0__
Aercd_qamicT_ist, degrees .3_000 *3.000
SweepBack Angles,degrees

I_I_=L,_ LeadingEdge 45.00 45.00
TrailingEd_a -_ -__

O_%L_¢_il_ _ Ch0rds:Root(Theo)B,P.O,O. 689.2429
_ _,- Tip, (Theo)B,P. 137.8486

F_AC 474._____.8117
Fus,Sta,of ,25MAC 1126_721

• W.P, of .25 HAC _ __8.73000
B,L, of ,25HAC , ,187.3349]

EXPOSEDDATA
- Area ({_o) Ft2 1812.2205 1.63010

Span,(Theo) In. BPI08 736.6816 22,100_
Aspect Ratio .. 2.0s8 2.058
Taper Ratio .... 0.2451 0.24s]
Chords ...

•RootBPI08 " 570.6230: 17.11869
Tip 1.00b 137.8512_= 4.135S4

-_C 354.2376 10 677_L_
Fus, Sta, of .25MAC 1164.237
W,P, of .25 V,;,C 292.00 ___
B.l, of ,25 /'AC 239.677£5

Airfol] Section (P.ock,,,_el]I,IodNASA)
XXXX-64

• Roof,b = 0.425 0.113 0.113

T_pb =l.OO o.t2 o.t2

Data for (I)of (2) Sides
LeadingEdGe Cuff _

" Planfm=mArea Ft_ ii]'8-3s3 O.I06S0
LeadingEdge IntersectsFus M. L, 0 Sta Sos.o _ IS.ISOOO
LeadingEdge IntersectsWing 0 Sta I003.S

39
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TABLE VII. - ORBITER BASE, BODYFLAP,AND OMS NOZZLE PRESSURE ORIFICE LOCATIONS

t

ORBITER BASE

ORIFICE

LOCATION Nb%IBER

Orbiter Sting Cavity 1

"Orbiter Base (Lower Left Corner) 2

OMS Nozzle Base 3

data in datasets RBICXX

RUDDER FLARE BASE BODY FLAP

,, =

RUDDER l_ _ Z° X/C V ORBITER"_ X° _ _ Deg

FULL blODEL .75 FULL bIODEL 0 40

''725 18.75 4 15S5 46.65 "10"9 170
..... Ug_ur

625 21.75 5
1590 47.70 173 174I

data in datasets RB]CXX Lower
1590 47.70 171 172

data in datasets RBIFXX

LEFT OMS NOZZLE SURFACE

X_ IN. FWD.

NOZZLE EXIT _ _ DEG.
!

FULL MODEL 135 I 180 225
|

10 .30 175 176 177

20 .60 178

data in datasets RBIEXX

I
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TABLE Xl. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS

.... I iXT Full
Scale 1103 1093 1083 1073 1063 1053 iO&3

XT Model
Scale 33.09 32.79 32._9 32.19 31.89 31.59 31.29

r
L ...........

XT/IT .&2A ._19 .&13 .&O8 .&02 .397 .391

DEG.

68& 676 668 660 182.8_
FWD

..... i

ATTACH 685 677 669 661 136.38
POINT ..... ' ....
(ORBITER 686 678 670 662 655 189.92
TO E-T) _ t ..................

687 671 I 663 656 (_52 193.&6

688 680 657 653 6_, 197.O

689 681 673 I 665 658 65& 230.5&

690 682 I -_'7& !666 /,59 20&.O8

$91 683 675 667 207.62

data in datasets RBI2XX
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TABLE Xl. - EXTERNALTANK ATTACHPOINTPRESSUREORIFICELOCATIONS

(CONTINUED)

_FULL ie7_I ze6_ zes_ zs3_ zs_ zez_

I

184.&, SCALE
I

XT MODEL 56.22 55.92 5_.62 25.32 5_.02 54.72 5_.&2
SCALE

_/£T •839 •83_ .828 •823 .818 •812 .807

DEG.
#

719 713 707 ._22.84

FWD 720 714 708 701 226.38

DRAG ,

LINK 721 715 709 702 696 229.92
ATTACH ..

POINT 722 710 703 697 693 233.46

70& 698 694 692 237.00

699 695 240.54

723 718 712 706 700 244.08

data in datasetsRBI2XX
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TABLE Xl. - EXrERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS

I (CONCLUDED)

2068 2058 21)48 2018

XT 62.04 61.7,: 60.54

.943 .938 .91o

% DFG.
)

766 734 II ..... 234.04v07 735 Z37.58

_ ....

768 75(_ 743 241.12
)

AFT 769 244.66
UPPER
ATTACH 77" 724 248.2

L 251.74

I 171 739 255.28

783 773 7_'i 327.05

784 774 i1 7L2 "49 737 330.59

ATTAClII .....................................

L__2
data in datasets RBI2XX
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d. Installationside views

Figure2. - Continued
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e. Attach hardware

Figure 2. Continued
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k. Body flap, F8, lines drawing no. VL70-OOOI4OA/B

Figure 2. Continued
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56.67

m. Elevon, E26, lines drawing no. VL70-O00200, VL70-OOO140A/B

Figure 2.- Continued
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o. Rudder, R5, lines drawing no. VL70-000095

Figure 2. - Concluded
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